The effect of sodium naphthalene formaldehyde sulphonate polycondensate and stearic acid on the surface properties of calcium silicate hydrates, formed as a result of the hydration reaction between silica fume and calcium hydroxide, has been examined by the use of low-temperature nitrogen gas adsorption techniques. In addition, the interaction of such admixtures with the calcium silicate hydrates formed was investigated by infrared (IR) spectroscopic analysis. It was observed that both admixtures increased the specific surface area of the calcium silicate hydrates quite considerably relative to the behaviour of a blank sample (i.e. without addition of admixture), especially during the initial stages of hydration (after 24 h). IR examination demonstrated that the admixtures used did not interact chemically with the calcium silicate hydrates although physical interaction was possible.
INTRODUCTION
The admixtures used in the present investigation were the sodium salt of naphthalene formaldehyde sulphonate polycondensate and stearic acid. Sodium naphthalene formaldehyde sulphonate polycondensate is used as a superplasticizer to produce a more flowable or very high strength concrete. In contrast, stearic acid is used as a water-repellent admixture to reduce the capillary absorption of fluids by hardened concrete and mortar. Silica fume has been widely used during the past 10 years as an additive or as a partial replacement for Portland cement in concrete. It improves the microstructure of the hardened cement paste as well as the strength and durability of concrete. This behaviour may be attributed to the reaction of silica fume with calcium hydroxide liberated as a result of the hydration of the calcium silicates of Portland cement leading to the increased production of calcium silicate hydrates (CSH) which precipitate in large pores and voids in the material. The aim of the present work, therefore, was to study the effects of these admixtures on the surface properties of the calcium silicate hydrates produced from the reaction of silica fume and calcium hydroxide. Mikhail et al. (1978) have investigated the surface properties of autoclaved slag/cinder/sand pastes using both nitrogen gas and water vapour adsorption studies. In addition, the specific surface areas and total pore volumes of slag/lime and slag/quartz/lime pastes autoclaved at 181-213ºC were determined using nitrogen gas and water vapour as adsorbates. Abo-El-Enein et al. (1990a ,b, 1992 studied the hydration kinetics, microstructure and surface properties of the hydration products formed by autoclaving lime/quartz mixtures. The surface properties of unhydrated and hydrated lime/rice husk ash mixtures subjected to thermal treatment at different temperatures were studied *Author to whom all correspondence should be addressed. by nitrogen gas adsorption measurements by El-Hosiny et al. (1996) who related the surface area results and the total pore volume measurements to the crystal structure of the silica produced from the firing of the rice husk ash.
The reaction between amorphous SiO 2 and lime solutions of variable concentrations have been studied by Barret et al. (1977) and the results related to the initial lime content. Yousuf and Mollah (1995) studied the effects of lignosulphate superplasticizer on the hydration of type V Portland cement by XRD and FT-IR techniques. The results obtained indicated that the superplasticizer inhibited the hydration reaction as demonstrated by the reduced formation of Ca(OH) 2 as well as the lower degrees of polymerization of the silicate anion. Water-repellent compositions containing fatty acid esters have been used in the manufacture of hardened bodies from slurries of inorganic materials (Hatsutori 1995) and recently the effects of hydrophobic admixtures such as stearic acid and vegetable oil on the hydration kinetics, compressive strength, physical properties (bulk density, total porosity and water absorption) and microstructure of hardened Portland cement pastes have been investigated (Hekal et al. 1997a,b) .
EXPERIMENTAL
Silica fume of composition 92% SiO 2 , 2.5% Fe 2 O 3 , 2.5% alkalis, 1.5% carbon plus minor amounts of Al 2 O 3 , CaO and MgO with a Blaine area of 22 m 2 /g was mixed in the dry state with analytical grade Ca(OH) 2 in a 1:1 molar ratio. Five mixes were prepared using a water/solid (W/S) ratio of 4. Of these, mix B was a blank without any addition of admixture, two mixes (I and II) contained 2% and 5% by weight of solid of the sodium salt of naphthalene formaldehyde sulphonate polycondensate, respectively, while the remaining two mixes (III and IV) contained 2% and 5% by weight of solid of stearic acid, respectively.
Hydration of the different mixes was conducted at 60ºC for various lengths of time within the range 1-28 d. Each mix was stirred mechanically using a magnetic stirrer during these various times to prevent segregation. After hydration for a given time length, a sample was withdrawn from the mix, filtered off, stirred in a drying solvent mixture (acetone/methanol, 1:1 by volume) for 1 h, filtered again and finally dried at 105ºC for 24 h. The dried samples were stored in a desiccator prior to subsequent investigation.
IR spectra of the powdered samples were recorded using a Perkin-Elmer 1430 ratio recording IR spectrophotometer. Specific surface areas and total pore volumes for the various samples were measured volumetrically from studies of the adsorption of nitrogen gas at liquid nitrogen temperature (-195.8ºC ).
RESULTS AND DISCUSSION

Infrared analyses
The infrared spectroscopic technique was used to investigate the interaction of the studied admixtures (sodium naphthalene formaldehyde sulphonate polycondensate and stearic acid) with the calcium silicate hydrates formed. The corresponding IR spectra of samples B, II and IV are depicted in Figure 1 .
The symmetric and asymmetric stretching vibrations (n 1 and n 3 ) of the O-H group of the adsorbed water molecules give rise to a braod band centred at 3436 cm -1 , while the band at 1643 cm -1 corresponds to the bending vibration (n 2 ) of the adsorbed water molecules (Strens 1974). The bands in the 1430-1502 cm -1 region of the spectrum may be attributed to carbonate groups which arise from minor amounts of unreacted Ca(OH) 2 and from the interaction between the calcium silicate hydrates and atmospheric CO 2 . The bands at 969 cm -1 and 455 cm -1 , respectively, are due to the asymmetric stretching vibration (n 3 ) and the bending vibration (n 2 ) of the Si-O group. Bands appearing at 2917 cm -1 and 2848 cm -1 in the spectrum for sample IV are the asymmetric and symmetric stretching bands, respectively, of the CH 2 groups of stearic acid.
Apparently, no significant changes occurred in the positions of the bands attributable to the Si-O group and hence the degree of polymerization of the silicate (SiO ) anions does not affect the spectrum. In addition, no change occurred in the bands characteristic of water molecules. This indicates that both sodium naphthalene formaldehyde sulphonate polycondensate and stearic acid did not interact chemically with the calcium silicate hydrates formed. However, such interaction could be physical in nature.
Nitrogen adsorption studies
The adsorption/desorption nitrogen isotherms as measured volumetrically on the hydrated silica fume/Ca(OH) 2 samples in the absence and presence of admixtures are depicted in Figures 2 and 3 , respectively. It was found that equilibrium was established fairly rapidly and successive measurements were therefore taken at intervals of 30 min.
All the isotherms depicted exhibit common characteristics and are similar in shape to the type II isotherms in Brunauer's classification (1938) . The adsorption/desorption isotherms demonstrate the existence of closed hysteresis loops at the high-pressure end of the isotherms. Such hysteresis loops arise mainly from capillary condensation in the mesopores of the samples. The specific surface areas, S BET , could be determined from the adsorption isotherms by applying the BET equation and using the conventionally accepted value of 16.2 Å 2 for the cross-sectional area of the nitrogen molecule (Lippens et al. 1964 ).
The total pore volume, V p , was taken as the saturation values of the isotherms and expressed in ml liquid adsorbate (nitrogen)/g ignited adsorbent (ml/g ig. wt.). The BET C constants, the specific surface areas (S BET , m 2 /g ig. wt.), the corrected specific surface areas ( , m 2 /g ig. product), the total pore volumes (V p , ml/g ig. wt.), the corrected pore volumes ( , ml/g ig. product), the mean hydraulic radii of the total pore system ( h , Å) as well as the percentage degree of hydration of the samples studied are listed in Table 1 . The values of the corrected specific surface areas and the corrected pore volumes were assumed to be those of the hydration product, viz. the calcium silicate hydrates (CSH) formed.
The results indicate that the specific surface area of mix B (blank) increased over the period between 1 d of hydration to 7 d of hydration. This may be explained by the formation and later stabilization of the CSH formed. After hydration for 28 d, the accumulation of larger amounts of the nearly amorphous CSH within the pore system could hinder the access of nitrogen molecules into the pore system of the hydrates, thereby leading to a decrease in the measured specific surface area.
A continuous decrease in both the specific surface areas and the total pore volumes with increasing hydration time occurred for the hydration products formed in samples I-IV which contained admixtures. This may be explained by the increase in stabilization of the microcrystallites of the initially formed hydrates and/or the later accumulation of more hydrates with increasing length of hydration time. The crystallization process resulted in a decrease in the total specific surface area of the CSH formed.
It should be noted that samples containing superplasticizer or stearic acid exhibited higher values for both the specific surface area and the total pore volume relative to the blank sample, especially at the initial hydration stage (1 d). This may be attributed to the high rate of hydration and/or the nature of the hydration products formed. Thus, Hekal (1999) has shown that the presence of such admixtures increases the rate of hydration in the silica fume/Ca(OH) 2 system, especially during the early stages of hydration up to 7 d. The initial hydration products were found to be CSH with a high content of combined water. This could explain the high values of the specific surface areas of the samples containing admixtures in comparison to the blank sample after 1 d of hydration.
The results obtained clearly show that samples containing a low ratio (2%) of superplasticizer or stearic acid (I and III) had high values for the specific surface area relative to those containing a high ratio of such admixtures. This may be related to the nature of the CSH formed, i.e. the CSH formed in the presence of 2% superplasticizer or stearic acid had a lower degree of crystallinity in comparison with that formed in the presence of 5% of these admixtures.
The values of the mean hydraulic radii ( h , Å) for the total pore system accessible to nitrogen molecules increased with increasing length of hydration for all the hydrates formed in all the samples studied. This may again be attributed to an increase in the degree of crystallinity of the initially formed CSH with increasing length of the hydration process.
Figures 4 and 5 depict plots of V l versus t constructed on the basis of the adsorption branches of the nitrogen isotherms for each of the samples studied. The t-values employed were those suggested by Mikhail et al. (1973) which depend on the values of the BET C constants. The straight line passing through the origin for the initial points for each V l versus t plot may be used as a measure of the total surface area (S t , m 2 /g), values for which have also been recorded on an ignited weight basis in Table 1 . The close agreement between the specific surface areas as derived from the V l versus t plots and BET methods provides good evidence for the correctness of the t-values used in the present investigation. For all the samples investigated, the V l versus t plots of nitrogen adsorption indicate that the pore system in the CSH formed consisted mainly of mesopores of a limited size. Such a conclusion may be reached from the fact that the linear plots of V l versus t exhibit slight upward deviations at higher t-values.
